Interstitial fluid pressure (IFP) and plasma colloid osmotic pressure (plasma COP) were measured in dogs following acute haemorrhage and following the infusion of saline, 10% dextran 40 in saline and 3% dextran 40 in lactated Ringer's solution. Exsanguination decreased IFP, plasma COP and total plasma protein and albumin concentrations, and increased plasma glucose concentration and osmotic pressure. A massive infusion of physiological saline increased IFP, and decreased plasma COP and total plasma protein and albumin concentrations. The volume of saline infused correlated with the increase in IFP. When a 10% dextran 40 saline solution was used, there was a marked increase in plasma COP but a decrease in IFP. When 3% dextran 40 in lactated Ringer's solution was infused, IFP was little affected in the early stage, but gradually increased thereafter. Plasma COP increased slightly immediately after infusion, but remained near the pre-exsanguination value for at least 3 h.
During haemorrhagic shock there is a decrease in extracellular (interstitial) fluid along with the marked decrease in circulating blood volume. Although a relatively massive infusion of crystalloid solution can compensate for the deficiency of interstitial fluid, blood transfusion or an infusion of colloids is required, in addition, to maintain plasma colloid osmotic pressure (plasma COP). During such manipulations it is obvious that there will be shifts of fluid through peripheral vessels and that the conditions in the interstitial space will be aflFected.
In this study, interstitial fluid pressure (IFP) was measured continuously to assess conditions in the interstitial space (Guyton, 1963) . The relationship between the changes in IFP and blood constituents (including plasma COP) were investigated to determine tie fluid shifts through peripheral vessels during haemorrhagic shock and following infusion.
METHODS
Small perforated capsules (2.6 x 2.6 x 3.0 cm, modified from Guyton's method (1963) ) were implanted subcutaneously, using full aseptic techniques, in the backs of six mongrel dogs, to determine IFP. Antibiotics were administered for 5 days to prevent infection. The capsules were punctured a few days before the definitive experiments were undertaken and, if the fluid they contained was clear, the absence of infection was assumed. The experiments were performed 4-6 weeks after the implantation of the capsules.
Anaesthesia was induced with thiamylal 75-125 mg i.v. and maintained with an air-halothane mixture (0.5-1.5%). The trachea was intubated and mechanical ventilation, instituted. Teflon catheters were inserted into the femoral artery and vein for the continuous measurement of arterial and central venous pressures (c.v.p.) . Teflon needles were carefully inserted into the implanted capsules and connected through an ultralow pressure transducer to an amplifier (Burr-Brown Instrumentation amplifier). IFP was continuously recorded (Yokogawa Electric Technicorder F, Type 3052).
Once a stable IFP had been achieved (at least 30min later), the dogs were exsanguinated such that the mean arterial pressure (m.a.p.) was decreased to about 30 mmHg within 10 min (mean blood volume removed was 31.1 ±8.9 ml kg" 1 (table I) ). Exsanguination was stopped and the animals left for 30min.
Group 1 {three dogs) ( fig. 1 ). Physiological saline in a volume four times that of the blood removed was infused, followed 2 h later by an infusion over 30 min of a volume of 10% dextran 40 in saline solution equal to that of the blood loss. Small quantities of blood were aspirated into glass capillaries and centrifuged at 11 000 rev min "' for 5 min and the haematocrit determined. The ice water-cooled residual blood samples were immediately centrifuged at 4°C to obtain plasma. Plasma COP was measured with a recorder-equipped Knauer membrane osmometer utilizing replacement physiological saline after a mean had been reached through four or five substitutions of the sample. Plasma osmotic pressure was measured three times, using a Knauer Halb-mikro-osmometer, and the average value calculated. Total plasma protein concentration was determined by the biuret reaction test, a white turbidity indicating the presence of dextran. Plasma albumin and glucose concentrations were determined by the bromcresol green method and enzyme method with hexokinase and NADPH (Bohringer's glucose HK test), respectively.
RESULTS

Changes following exsanguination
In all animals there was a decrease in IFP and plasma COP, the mean decreases being 1.61 and 4.0cmH 2 O, respectively (table I). However, there was no significant correlation between the decreases in IFP and plasma COP and there were no correlations between these indices and blood loss. There was a sharp decrease in IFP immediately after exsanguination, following which a stable value was attained (figs 2, 5). Total plasma protein and albumin concentrations decreased in all animals (table I) . There was a positive significant correlation between the decreases in plasma COP and plasma albumin concentration (r = 0.990, P<0.05), but not between plasma COP and total plasma protein concentration (r = 0.860, 0.05<P^0.1) (table I) . The plasma osmotic pressure and glucose concentration were determined in four animals immediately after and 30min after exsanguination. Increases in these values were seen in all except one animal (immediately after exsanguination in dog no. 4 (table II) ). There was no significant correlation between these increases in the two variables.
Effects of fluid infusion
The rapid infusion of physiological saline resulted in a decrease in plasma COP to half the control value (value before exsanguination) ( fig. 2) . IFP (values plotted as differences from mean control values), which decreased by about 2cmH 2 O after exsanguination, increased suddenly by 8 cm H 2 O. Arterial pressure and CVP increased transiently during infusion, and IFP gradually decreased after infusion, but did not reach the previous control values. Arterial pressure did not return to the value before exsanguination following a massive infusion of normal saline. When a 10% dextran 40 in saline solution was given 2 h after the infusion of physiological saline, COP increased markedly from 13.4 to 42.0cmH 2 O and IFP returned almost to its control value. (Mean plasma COP in five samples taken after use of 10% dextran 40 in saline solution was 124.8 cm H 2 O.) In group 1, plasma COP and plasma protein concentrations decreased during exsanguination and the infusion of saline before increasing slowly thereafter ( fig. 3) . A significant correlation was observed between the volume of saline infused and the rate of increase of IFP (AIFP) (r = 0.816, P< 0.05) (fig. 4) .
In group 2 (fig. 5) IFP decreased slightly in the early stage of the infusion of 3% dextran 40 in lactated Ringer's solution and then progressively increased thereafter. (Mean plasma COP in five samples taken after use of 3% dextran 40 in lactated Ringer's solution was 38.0cmH 2 O.) Arterial pressure increased to greater than the control value for 3 h after infusion while c.v.p., which increased during infusion, gradually decreased to its control value within 3 h after the infusion. The infusion of 3% dextran 40 in lactated Ringer's solution increased plasma COP initially, after which it remained near the control value for at least 3h (figs 5, 6). Plasma albumin concentration decreased markedly immediately after the infusion ( fig. 6 ). There was no correlation between the volume of fluid infused and plasma COP, but there was a tendency after infusion whereby the greater the plasma COP, the lower the IFP (fig. 7) . 
DISCUSSION
Exsanguination of mongrel dogs induced decreases in IFP and plasma COP in all animals. IFP is considered to be less than atmospheric pressure in the normal state (Guyton, 1963 (Guyton, , 1965 Guyton, Granger and Tayler, 1971) and to increase when interstitial fluid accumulates. As long as IFP is less than atmospheric it is considered to correlate with the increase in interstitial fluid volume. On the basis of these findings, changes in hydration in the interstitial space may be estimated continuously through continuous recording of IFP. Continuous monitoring of interstitial fluid volume using radioisotopes is not feasible. Hopkinson and colleagues (1968) and Wolcott, Malinin and Wu (1976) observed that IFP decreased during haemorrhagic shock in dogs and rabbits, and the former also found IFP to recover after infusion of lactated Ringer's solution. Two explanations are possible to account for the decreases in IFP and plasma COP during exsanguination. First, a shift of interstitial fluid, which has a lower protein concentration and COP than plasma, into intravascular compartments to compensate for the loss in circulating blood volume and, second, a shift of lymph to the venous circulation system. However, the second explanation lacks conviction as it has been reported that only a transient increase (to 3-4 ml min "') was observed in thoracic duct lymph flow when approximately 30% of circulating blood volume was lost in animal experiments (Cope and Litwin, 1962) , and that thoracic duct lymph flow was unchanged when 15% of the circulating blood was removed (Zollinger, 1972) .
Total plasma protein and albumin concentrations decreased as a result of exsanguination. However, decreases in plasma COP correlate only with decreases in plasma albumin concentration, and since albumin has a smaller molecular weight than globulin, it suggests that plasma albumin is a major factor contributing to COP.
In our study, plasma osmotic pressure and blood sugar concentration increased. Jarhult and colleagues (1972) reported that, in cats, rapid blood loss induced an increase in arterial blood sugar concentration and plasma osmotic pressure, followed by similar increases in venous blood. Based on these data, the increase in plasma osmotic pressure was thought to be the result of the increase in blood sugar (Jarhult, 1973) . They reported that the greater the blood loss, the greater the increase in blood sugar concentration, and that this indicated that an increase in osmotic pressure was a mechanism which compensated for blood loss (Jarhult et al., 1976) . Therefore, the low IFP during exsanguination is believed to be in part a result of the shift of interstitial fluid into the intravascular space, a shift induced by the decrease in the net driving power which normally forces plasma components into the tissue. The slight but consistent decrease in COP as a result of haemorrhage also supports such a shift of fluid because interstitial fluid has a lower COP than plasma.
In our study, the group 1 dogs were infused with a volume of saline solution equal to four times that of the blood loss. The ratio of plasma to interstitial fluid volume being regarded as 1:3, a four-fold volume is required to compensate for blood loss as the saline spreads evenly through both interstitial and intravascular spaces. The massive infusion of saline brought about a linear increase in IFP and decreased the haematocrit (Hct), plasma COP and total plasma protein and albumin concentrations. This implied haemodilution was followed by a rapid fluid shift into the interstitial space. During the 2 h following the infusion of saline, Hct, plasma COP and protein concentrations tended to increase gradually while IFP decreased. CVP and arterial pressure decreased. These facts indicate that water may have been excreted as urine.
The infusion of 10% dextran 40 in saline solution markedly increased plasma COP, arterial pressure and CVP while IFP decreased, indicating a shift of interstitial fluid into the intravascular space. The false increase in total plasma protein concentration after infusion of 10% dextran 40 (figs 2, 3) is believed to be a result of the turbid chemical reaction between biuret reagent and dextran.
In group 2, the infusion of 3% dextran 40 in lactated Ringer's solution increased plasma COP slightly while Hct and plasma albumin concentration decreased. IFP increased slightly or remained unchanged in the early stage of the infusion but increased progressively thereafter. These results indicate that there may be a slight shift of interstitial fluid into the intravascular space, mainly as a result of the increase in plasma COP, particularly in the early stage, and that dextran 40 may subsequently move slowly into the interstitial space.
In conclusion, a rapid haemorrhage will induce a fluid shift from the interstitial to the intravascular space and result in a decrease in interstitial fluid. If saline is infused rapidly it quickly passes through the peripheral vascular wall, whereas a reverse shift of fluid takes place when 10% dextran 40 in saline solution is infused. When 3% dextran 40 in lactated Ringer's solution is infused, it remains in the vessels during the early stage of infusion and then enters the interstitial space. The massive infusion of dextran 40 in saline solution may result in hazardous conditions later on. Wolcott, M. W., Malinin, T. I., and Wu, N. M. (1976) .
Changes in the interstitial fluid and the muscle water in rabbits in hemorrhagic shock. Ann. Surg., 184, 728. Zollinger, R. M. (1972 
SUMAJUO
Se midieron en perros la presion del fliiido intersticial (PFI) y la presion osmotica coloidal del plasma (plasma POC), como consccuencia de una hemorragia aguda y a raiz de la infusion de una solucion salina, 10% de dcxtrana 40 en la solucion salina y 3% dc dextrana 40 en la solucion Ringer lactada. La perdida de sangre produjo la disminucion de la PFI, de la presion POC, asi como las concentraciones totales de albumina y de proteina en el plasma, e incremento la concentration de glucosa en el plasma y la presion osmotica. Una infusion masiva de solucion salina fisiologica incremento la PFI y disminuyo la POC, asi como las concentraciones totales de albumina y de proteina en el plasma. El volumen de la solucion salina adminstrada vino correlacionada con el incremento de la PFI. Cuando se uso una solucion salina con dextrana 40 al 10%, tuvo lugar un marcado incrcmento de la POC pero tambien una disminucion de la PFI. Se administros una solucion de Ringer lactada con dcxtrana 40 al 3%, la PFI no qucdo muy afectada en un principio, incrementando gradualmente en las fases posteriores. La COP aumento ligeramentc justo despues de la infusion, pero permanecio cerca del valor previo a la perdida de sangre por espacio dc por lo menos 3 horas.
